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Abstract. SAX J1819. 3-2525 is a nearby X-ray transient 
which exhibited a fast and large X-ray outburst on Sep. 
15, 1999 (Smith et al. 1999). The Wide Field Cameras 
and the Narrow Field Instruments (NFI) on board Bep- 
poSAX observed SAX J1819. 3-2525 at various stages of 
its activity before that, in the spring and fall of 1999. The 
fluxes range between 0.012 and 0.3 Crab units (2-10 keV). 
The NFI observation is unique because it is the longest 
semi-continuous observation of SAX J1819. 3-2525 so far, 
and it offers a study of the spectrum at a relatively high 
resolution of 8% full width at half maximum at 6 keV. We 
discuss the observations with emphasis on the X-ray spec- 
trum. A strong Fe-K emission line was detected in SAX 
J1819. 3-2525 with an equivalent width between 0.3 and 
1 keV. The line energy is up to 6.85±0.02 keV and sug- 
gests the presence of highly ionized iron. We identify this 
as fluorescent emission from a photo-ionized plasma. The 
continuum spectrum is typical for a low-mass X-ray binary 
in which emission from an accretion disk corona plays an 
important role. There is no sign of an eclipse or periodic 
signal due to the binary orbit in this exposure, despite the 
fact that the twin jets seen at radio wavelengths suggest 
a high inclination angle. 

Key words: accretion disks - binaries: close - stars: indi- 
vidual: SAX J1819.3-2525, XTE J1819-254, V4641 Sgr- 
X-rays: stars 



1. Introduction 

The X-ray source SAX J1819. 3-2525 was discovered in 
February, 1999, independently with the Wide Field Cam- 
eras (WFCs) on BeppoSAX (In 't Zand et al. 1999a) and 
with the Proportional Counter Array (PCA) on RossiXTE 
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(ergo, its alternative designation XTE J1819-254, Mark- 
wardt et al. 1999a). The WFC detection involved an hour- 
long flare with a peak of 80 mCrab on Feb. 20. The first 
PCA detection occurred during regular scans of the Galac- 
tic Center field, on Feb. 18. 

For some time there was confusion over the identifica- 
tion of the optical counterpart. The variable star CM Sgr 
is within the 2'-radius WFC error box of the X-ray source 
as noted by In 't Zand et al. (1999a). However, it was later 
discovered that the actual counterpart is another, previ- 
ously unknown, variable star only ^1' north of CM Sgr: 
V4641 Sgr (WiUiams 1999, Samus et al. 1999). 

V4641 Sgr was found to show a large outburst in vi- 
sual magnitude my from about 11 on Sep. 14.8 up to 8.8 
on Sep. 15.4 (Stubbings 1999). X-ray observations with 
the All-Sky Monitor on RossiXTE also showed a bright 
outburst of SAX J1819. 3-2525 up to a peak intensity of 
12.2 Crab on Sep. 15.7 (2-12 keV, Smith et al. 1999). The 
giant X-ray outburst was preceded by a 4.5 Crab precur- 
sor 0.8 d earlier. Between both peaks the flux decreased to 
a quiescent level. Wijnands & Van der Klis (2000) report 
that during the tail of the giant X-ray outburst, strong 
variability was observed of factor-of-four on seconds time 
scales to factor-of-500 on minutes time scales. The giant 
outburst was also seen at radio wavelengths (Hjellming et 
al. 1999a, 1999b). The radio source was resolved and had 
the appearance of a twin jets structure extending 0.25" 
each jet. The giant and precursor outburst were, further- 
more, seen in 20-100 keV (McCollough et al. 1999). 

Within 2 d after the giant outburst, V4641 Sgr settled 
down to a quiescent brightness of my = 13.5. Combined 
with the failure of any X-ray detection since the giant out- 
burst (C.B. Markwardt, priv. comm.), this shows that the 
flaring activity faded considerably, although the Balmer 
lines continued to show additional activity up to at least 
Sep. 30 (Wagner 1999). If one assumes that the emission 
is due to a main sequence A star (Garcia et al. 1999), one 
obtains with B-V=-0.2 and E(B-V)=0.24 (Wagner 1999) 
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Fig. 1. Light curve of first flare on Feb. 20, as measured Fig. 2. Light curve of first flare on Sep. 10, as measured 
with the WFC unit 1 in the 2 to 26 keV band. The time with the WFC unit 2 in the 2 to 26 keV band. The time 



resolution is 200 s. 



resolution is 200 s. 



a distance of 0.4 kpc. We will adhere to this distance in 

the present paper but acknowledge its uncertainty. From 
the magnitudes alone, we estimate the uncertainty to be 
about 50%. With a 0.4 kpc distance, the giant outburst 
would have a peak X-ray luminosity of 5 x 10^^ erg 
in 2-10 kcV. This luminosity, and the spectrum discussed 
in the present paper, clearly suggest that there is a com- 
pact object at play that is either a neutron star or black 
hole, ft also identifies the object as a low-mass X-ray bi- 
nary (LMXB), and the short distance implies it is possi- 
bly the nearest LMXB known so far (c.f.. Van Paradijs & 
White 1995). This opens up interesting perspectives for 
SAX JI8f 9.3-2525 as a case study of the quiescent emis- 
sion from transient low- mass X-ray binaries. We note that 
recently Rutledge et al. (1999) introduced diagnostics for 
the nature of the compact object from the quiescent emis- 
sion. 

In this paper, we present the observations of SAX 
J18f9.3 2525 with the WFCs and Narrow Field Instru- 
ments (NFI) on BeppoSAX in the spring and fall of 1999. 
This includes the longest semi-continuous observation of 
the system so far. SAX ,11819.3-2525 was observed in two 
states: a flaring state with peak fluxes that are one to 
two orders of magnitude less than that of the giant out- 
burst, and a 'calm' state with an average flux that is about 
three orders of magnitude smaller (though still consider- 
ably higher than that of the quiescent emission). 

2. Observations 

The BeppoSAX platform carries two sets of astrophysi- 

cal X-ray and 7-ray devices in space (Boella et al. 1997a). 
One pertains to two identical Wide Field Cameras (WFCs, 
Jager et al. 1997) that view the sky with 40 x 40 square 
degrees ficld-of view in opposite directions with 5' spa- 
tial resolution in the 2 to 26 keV bandpass. The other set 



includes the Narrow Field Instruments (NFI) that are co- 
aligned in a direction that is perpendicular to that of both 
WFCs. The NFI include 2 imaging instruments that are 
active below 10 keV, the Low-Energy and the Medium- 
Energy Concentrator Spectrometer (LECS and MFCS re- 
spectively, see Parmar et al. 1997 and Boella et al. 1997b 
respectively), and two non- imaging instruments that have 
bandpasses of ^ 12 to 300 kcV (the Phoswich Detector 
System or PDS, Frontera et al. 1997) and 4 to 120 keV 
(the High-Pressure Gas Scintillation Proportional Counter 
or HP-GSPC, Manzo et al. 1997). The MFCS has a pho- 
ton energy resolution of 8% (full width at half maximum) 
at 6 keV. 

Since mid 1996, the WFCs carry out a long-term pro- 
gram of monitoring observations in the field around the 
Galactic center. The program consists of campaigns dur- 
ing the spring and fall of each year. Each campaign lasts 
about two months and typically comprises weekly observa- 
tions. SAX J1819. 3-2525 was detected twice during these 
campaigns so far, in hourly exposures above a ^50 mCrab 
detection limit, on Feb. 20 and Sep. 10, 1999. The first 
WFC-detection triggered a target-of-opportunity obser- 
vation (TOO) with the NFI on March 13.22-14.02, 1999 
(this is 186 d before the giant outburst). SAX J1819.3- 
2525 was strongly detected in three NFI (the HP-GSPC 
was not turned on), and the average intensity was found 
to be about 12 mCrab (2-10 keV). The NFI net expo- 
sure times on SAX J1819.3-2525 are 10.2 ks for LECS, 
27.7 ks for MFCS and 14.7 ks for PDS. The LECS and 
MECS images show a single bright source, the position as 
determined from the MECS image is R.A. 18'"19"22'.'2, 
Deck = 25°24'03" (Eq. 2000.0, error radius 0.'8) which is 
l.'O from that determined with the WFC (In 't Zand et al. 
1999a) and O'A from the optical counterpart V4641 Sgr. 
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0.1 -1 .8 keV (LEGS) 




0.60 ; 

0.50 : 



6-10 keV (MECS2+3) 



15-60 keV (PDS) 



Time since March 13.22479 [hr] 

Fig. 3. Light curve as measured with the NFI in a number 
of bandpasses, corrected for background. The time reso- 
lution is 400 s. In the second panel from above the time 
intervals have been hatched that refer to low-flux intervals 
(\\ hatched) or high-flux intervals (// hatched). 



3. Light curves 

The background-subtracted light curves of the two flares 
as measured with the WFCs are presented in Figs. || and 
^. Besides these two occasions, the source was never de- 
tected in either short 1-hr or long 24-hr WFC exposures 
with typical upper limits of 50 and 12 mCrab respectively. 
The light curves of both detections are characterized by 
sporadic flaring activity up to 0.2 ct cm~^s~"'^, which cor- 
responds to 0.1 Crab units, with a larger and longer flare 
on Sep. 10 with a peak of 0.3 Crab units. The large flare 
was above the detection limit for about 6 hr and occurred 
in the middle of a 34 hr long observation. It started on 
Sep. 10.0, which is 5.4 d before the giant outburst. Its 
duration is comparable to that of the giant flare. 

The flaring activity on a time scale of hours is in 
line with the behavior as measured with the Proportional 
Counter Array (PCA) on RossiXTE (Markwardt et al. 
1999b). The PCA covers SAX J1819.3-2525 bi-weekly 



since Feb. 5, 1999, for individual snapshot exposures of 
about 60 s with a sensitivity of about 1 mCrab. SAX 
J1819. 3-2525 was first seen on Feb. 18 and subsequently 
showed an erratic variable behavior until immediately af- 
ter the giant outburst, with fluxes ranging from 0.5 to 
30 mCrab (Markwardt et al. 1999b). Since the giant out- 
burst, no emission was detected anymore (C.B. Mark- 
wardt, priv. comm.). 

The WFC data do not reveal any type I X-ray burst 
from SAX J1819. 3-2525 in about 0.8 Ms of source cover- 
age for the year 1999 when it was seen to be active with 
the PCA (Markwardt et al. 1999b), or for ~3 Ms over aU 
WFC observations since 1996. 

Fig. H shows the evolution of the background-corrected 
photon count rates in various bandpasses of the three NFI, 
in 400 s time resolution. For an explanation of the method 
of data extraction, we refer to In 't Zand et al. (1999b). 
The light curves show slow variability on a time scale of a 
few hours with an amplitude of about 50%. The average 
flux level is 12 mCrab (2-10 keV) which, relative to the 
flares, can be regarded as calm emission. However, we note 
that this cannot be regarded as quiescent emission because 
the PCA has seen flux levels from this source at least one 
order of magnitude smaller (Markwardt et al. 1999b). 

A power density spectrum of the MECS photon count 
rate, generated with a timing resolution of 0.02 s and av- 
eraged over 256 s time intervals, reveals no measurable 
narrow features nor broad-band noise. The upper limit on 
the variability, integrated between 0.01 and 10 Hz with 
power laws with indices of -0.5, -1.0 and -2.0, are 18, 
8 and 3.5% fractional rms respectively (90% confidence). 
The upper limit on the pulsed amplitude is 1.3% fractional 
rms (95% confidence) in to 25 Hz. 

4. Spectrum of calm emission 

We first extracted a spectrum for the average emission 
over the whole NFI observation. The spectral channels 
were rebinned so as to sample the spectral full-width at 
half-maximum resolution by three bins and to accumulate 
at least 20 photons per bin. The bandpasses were limited 
to 0.4-4.0 keV (LECS), 1.8-10.5 keV (MECS) and 15-120 
keV (PDS) to avoid photon energies where either the spec- 
tral calibration of the instruments is not complete or no 
flux was measured above the statistical noise. We tried 
to model the spectrum with various descriptions. In all 
models, an allowance was made to leave free - within rea- 
sonable limits - the relative normalization of the spectra 
from LECS and PDS to that of the MECS spectrum, to ac- 
commodate cross-calibration uncertainties in this respect. 
Publicly available instrument response functions and soft- 
ware were used (version November 1998). 

The continuum could best be fltted (x? = 1.30 for 96 
dof) with a Comptonization model (Titarchuk 1994) plus 
black body radiation, see Table |l|. Next to that there is 
a strong emission line at 7 keV. A fit with a single nar- 
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Table 1. Best- fit parameter values of the Comptonized 
model to the NFI spectrum. The last line specifies the Xr 
value for the fit without a bb (black body) component. 
This value applies after re-fitting the remaining parame- 
ters. EW means equivalent width. 



Model 
Nn 

bb kT 

bb R/dio kpc 
Wien kTw 
Plasma fcTe 
Plasma optical 

depth T 
Comptonization 

parameter y 
Emission line energies 
Emission line widths 
Flux line 6.68 keV 
Flux line 6.96 keV 
EW line 6.68 keV 
EW line 6.96 keV 
Error in combined EW 
X? 

Flux (2-10 keV) 
Flux (0.4-120 keV) 
Xr without bb 



Comptonized -I- 2 narrow lines -|- 
black body 

(0.05 ± 0.02) X 10^^ cm"^ 
1.12 ±0.09 keV 
1.8 ± 0.3 km 
0.36 ± 0.02 keV 
17 ± 6 keV 

1.5 ± 0.6 for disk geometry 

3.6 ± 0.9 for spherical geometry 
0.3 ± 0.1 for disk geometry 

1.7 ± 0.4 for spherical geometry 
6.68 and 6.96 keV (fixed) 

keV (fixed) 
(2.8 ± 0.9) X 10"* 
(3.8 ±0.9) X 10" 
102 eV 
164 eV 
30 eV 

1.30 (96 dof) 
2.7 X 10"^° erg s"^cm" 
5.4 X 10"^° erg s"^cm" 
2.06 (98 dof) 



phot s 
phot s~ 



row line results in a centroid energy of 6.85±0.02 keV. We 
identify this as Ka fluorescence in strongly ionized iron. 
The centroid energy is between the expected Fe-K lines 
for helium- like (6.68 keV) and hydrogen-like Fe (6.96 keV). 
We included in the model narrow lines at these fixed ener- 
gies. The best-fit parameter values are given in Table ij and 
a graph of the spectrum and the model fit in Fig. | . The 
fits with other continuum models, in combination with a 
black body and two narrow line components results in fit 
qualities of — 3.19 for 98 dof (thermal bremsstrahlung), 
Xr = 1-83 for 96 dof (broken power law) and Xr = 1-59 
for 96 dof (power law with high-energy cut off). 

Terada et al. (1999) reported about the 1996 tran- 
sient AX J1842. 8-0423 which exhibited an Fe-K line at 
6.80 keV with a large equivalent width of 4 keV. The 0.5- 
10 keV continuum plus line spectrum was successfully fit- 
ted with a thin hot thermal plasma emission model of 
temperature 5.1 keV. We fitted such a model according 
to the MEKAL code implementation (Mewe et al. 1995). 
The fit was reasonable, provided two additional compo- 
nents were included. With a power law and black body 
as additional components, x? — 1-73 (98 dof), which is 
a worse fit than the Comptonization model in Table |l|. 
The resulting plasma temperature is 9.1 ± 0.5 keV. The 
fitted contribution of the thin plasma to the fiux is of or- 
der 10%. The emission measure of the thermal plasma is 
(1.33 ± 0.08) X 10^6(d/0.4 kpc)^ cm'^. 





10 



channel energy (keV) 



100 



Fig. 4. Upper panel: count rate spectrum (crosses) and 
Comptonized spectrum model (histogram) for the aver- 
age emission. Lower panel: residual in units of sigma per 
channel. 



E(B-V)=±0.24 (Wagner 1999) implies A^h = 0.13 x 
10^^ cm^^ according to the relationship defined by Pre- 
dehl & Schmitt (1995). If we assume that the uncertainty 
in E(B-V) is 0.10, where most of the uncertainty comes 
from the uncertainty in the calibration of the relationship 
used by Wagner (1999) between the equivalent width of 
the 578.0 nm interstellar absorption line to E(B~V) (see 
Herbig 1975), then the error in A^h is 0.05x10^^ cm~^. 
If we fix A^H to 0.08 x 10^^ cm~^ and leave free the re- 
maining parameters of the Comptonized model in Ta- 
ble |l|, X? is 1-31 (97 dof). We conclude that A^h as deter- 
mined from the X-ray spectrum is consistent with E(B- 
V)=±0.24±0.10. 

To determine whether the variability as illustrated in 
Fig. H is accompanied by strong spectral changes, we ex- 
tracted a spectrum for times when the source was rela- 
tively faint and one for times when the source was rela- 
tively bright. These times are indicated by hatched areas 
in Fig. ||. Subsequently, we employed the same Comp- 
tonized model as for the whole observation, leaving free 
only the normalizations of the different contributions. The 
resulting values for x? are 1.36 for the bright data (104 
dof) and 1.22 (103 dof) for the faint data. The 44% differ- 
ence in the 0.4-10 keV flux between the faint and bright 
data is due to approximately equal changes in blackbody 
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Fig. 5. Average MECS spectrum for the low-flux (lower) 
and high-flux intervals (upper) of the data (see also Fig. 0). 



and Comptonized components (i.e., 25 and 19% respec- 
tively) . The flux of the emission lines scales with the inte- 
gral flux: the combined equivalent widths of both lines is 
identical in both cases at 0.26 keV. This spectral behav- 
ior is illustrated in Fig. || which zooms in on the MECS 
part of the spectrum (including the emission lines) for the 
two extremes. In Fig. ^ the ratio between both spectra 
is presented. This is consistent with a constant ratio of 
1.44 ± 0.02 throughout the spectrum (x? = 1-18 for 65 
dof). The apparent bump between 4 and 5 keV is statis- 
tically not significant. 
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Fig. 6. Ratio of count rate spectrum between bright and 
faint selections of NFI data. The binning was arranged 
such that the error per data point is less than 10%. 

5. Spectrum of flare 

We extracted a 2-26 keV spectrum of the complete Sep. 
10 flare which amount to an elapsed time of 5.5 hr and 
an exposure time of 2.3 hr, and attempted to fit the same 
Comptonization model as applies to the NFI data when 
the source is ^ 20 times fainter. Leaving free only the 
normalizations of the different spectral components, the 
fit was unsatisfactory with ~ 2.59 for 24 dof. However, 
if A'h was allowed to vary, the fit became dramatically 
better with x? = 0.89 (23 dof) and iVn = (2.5 ± 0.4) x 
- 10^^ cm^^. If instead the black body temperature was 
allowed to vary, an even better improvement occurred with 
X? = 0.64 (23 dof) and kTbb = 2.4 ± 0.2 keV. If the Fe- 
K emission lines at 6.68 and 6.96 keV are replaced for 
a single one whose energy is left free, the fit improves 
further to x? = 0.50 for 23 dof. The line energy then is 
6.39 ± 0.18 keV. This suggests a shift of the ionization 
balance to a lower degree (Fe I- XVII). We determined an 
average flux over the 3 hr duration of the peak of 5 x 
10~^ erg cm~^s~^. The equivalent width of the emission 
line is 1.0 ± 0.3 keV. The flare spectrum is presented in 
Fig. 0. 



6. Discussion 

We have analyzed the spectrum at basically two flux lev- 
els which correspond to 2-10 keV luminosities of 5 x 
1033(d/0.4 kpc)2 erg s^^ and 1 x W^{d/QA kpc)^ erg s'^, 
where d is the distance to SAX J1819. 3-2525. These com- 
pare to a maximum luminosity during the giant outburst 
of 5 X 1036(d/0.4 kpc)2 erg s'^ (Smith et al. 1999) and 
a minimum of 4 x \Q^^{d/QA kpc)^ erg s~^ (see below). 
These numbers may be multiplied by a factor of 2 to ob- 
tain a rough extrapolation of the X-ray luminosity to the 
0.4-120 keV range. They show that, though bright, SAX 
J1819. 3-2525 in fact has a peak luminosity that is at least 
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channel energy (keV) 

Fig. 7. Spectrum of the second flare and the fit with the 
Comptonized model with black body component of tem- 
perature kT = 2.4 keV and an emission line at 6.4 keV. 
The lower panel presents the residuals in units of sigma 
per channel. 

an order of magnitude below the Eddington limit for a 
mass of the compact object that is equal to or larger than 
that of a canonical 1.4 Mq neutron star. However, one 
should bear in mind that the sampling of the ASM light 
curve is sparse (about ten 90 s observations per day) and 
we do not know what the source did between ASM mea- 
surements. 

The eye-catching feature of the BeppoSAX data is the 
strong Fe-K emission line complex. The line energies dur- 
ing the calm phase point to a large ionization degree of 
the iron. Two origins for the line can be considered: ther- 
mal emission from a thin hot plasma, where iron atoms 
are coUisionally excited, or fluorescent emission from a 
plasma illuminated by the continuum X-radiation. The 
thin hot plasma model gave an unsatisfactory fit to the 
NFI data. Also, the fact that no difference was seen in 
equivalent width between the low- and high-flux intervals 
of the NFI data seems to be at odds with a thin thermal 
plasma origin of the emission line. Therefore, we believe 
it is more probable that we are dealing with fluorescent 
emission in a photo-ionized medium. The ionization de- 
gree of the medium is fairly high, the ionization parameter 
^ = L/nr^ (Kallman & McCray 1982), where r is the size 
of the fluorescent material and n the atom density, is of 



order 10^ to 10* which implies that the medium must be 
close to the source of the continuum radiation. 

The 2 to 26 keV spectrum of the 2nd WFC-detected 
flare (Fig. ^ shows an ionization balance of iron that is 
at much lower degrees than that of the calm emission half 
a year earlier. Apparently, ^ is at least two orders of mag- 
nitude smaller. This implies that n and/or r increased 
substantially. Therefore, the cloud of fluorescent material 
must have been, during the flare, denser and/or farther 
away from the source of the fluorescing radiation (proba- 
bly near to the compact object). The same probably ap- 
plies to the giant outburst 5 days later because the iron 
line was seen at an energy of 6.5 keV then (Markwardt et 
al. 1999b). 

We do not detect K-edge absorption of iron at the 
appropriate energies of 8.8 (Fe XXV) and 9.3 keV 
(Fc XXVI). The 3cr upper limit on the relative depth of 
an edge at 9.0 keV is 0.2 which does not appear to be very 
constraining (e.g., Makishima 1986). 

The equivalent width of the Fe-K line complex is rel- 
atively large. In the WFC-detected flare in September, it 
was 3 to 4 times as large as during the March NFI obser- 
vation. Markwardt et al. (1999b) also observed the Fe-K 
complex during the tail of the giant flare, at a photon en- 
ergy that is close to that measured with WFC six days 
earlier and with an equivalent width of about 500 eV. 
Model calculations of the structure of the accretion disk 
coronae and data analyses of Fe-K lines in other X-ray 
binaries by Vrtilek et al. (1993) suggest that large equiv- 
alent widths in Fe-K lines may be due to high (edge-on) 
inclination angles. This appears to be in line with the high 
inclination angle inferred from the radio jets. 

Hjellming et al. (1999b) reported a double-sided jet 
structure from SAX J1819. 3-2525 in a VLA image taken 
on Sep. 16.02 UT, with sizes of roughly 0.25" in both 
directions. A subsequent VLA image taken on Sep. 17.93 
only shows one of the two jets at the same position. If v is 
the intrinsic velocity of the jets, i the angle between the 
jets and the line of sight, and c the velocity of light, then 
the angular proper motion fi± of the approaching (-) and 
receding jet (-I-) are given by: 

— {v/d)sini/[l ± {v/c)cosi] 

(e.g., Hjellming & Rupen 1995). We can only make a 
rough estimate of /x+ and The uncertainty results 
from the facts that no moving radio blobs were seen, 
like in GRO J1655-40 (c.f., Hjellming & Rupen 1995), 
and that no difference was measured between and ^_ 
(this is partly due to insufficient accuracy of the posi- 
tion of the optical counterpart). If we assume that the 
difference between ^+ and is less than 10%, we find 
that (■i;/c)cosz < 0.048. The value for /Lt_|_ « //_ is deter- 
mined by the time of jet ejection. Depending on whether 
one takes this to be at the time of the measured opti- 
cal peak (Stubbings 1999), X-ray peak or X-ray pre-peak 
(see Smith et al. 1999), the travel time of the jets on Sep. 
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16.02 was between 0.3 and 1.1 d. This results in an al- 
lowed range for /z+ « /U_ of 224 to 806 mas d^^. This 
implies {v/c) > 0.53. The above constraint on {v/d)cosi 
then results in « > 84.8°. Additionally, we can obtain a 
constraint on the distance from {v/c) < 1 and vsini = jj d. 
For n = 224 mas d~^, d < 0.8 kpc. Conversely, a distance 
of 0.4 kpc implies a jet ejection on Sep. 15.4 for v = c or 
Sep. 14.9 for v = 0.53c 

The angle i is probably close to the inclination angle 
of the binary orbit, since one may expect the jets to be 
ejected close to perpendicular to the binary's orbital plane. 
The high value of i then suggests that at times the com- 
pact object should be eclipsed by the companion star. Our 
NFI data involve the longest continuous observation ever 
performed of SAX J1819. 3-2525 while it was above the de- 
tection threshold (all RossiXTE TOOs lasted shorter than 
3 hr). During 19 hr no eclipse was seen. Since the earth 
obscured the view to SAX J1819.3-2525 each BeppoSAX 
orbit, there is some uncertainty in the non-detection of an 
eclipse. With this reservation, the non-detection suggests 
that either the binary has an orbital period in excess of 
19 hr, that the jets are misaligned from the orbital rota- 
tion axis by more than ~10° (like seems to be the case for 
the micro quasar GRO J1655-40, see Van der Hooft et al. 

1997) , or that the companion star is not an A-type main 
sequence star. 

The X-ray flux of SAX J1819.3-2525 behaved quite 
erratic. Whenever SAX J1819.3 2525 was detected, it ex- 
hibited at least 50% variability on hourly time scales. The 
variability is not (quasi) periodic. The scan observations 
with the PCA show that the source turned on probably on 
Feb. 18 and disappeared immediately after the giant out- 
burst on Sep. 15. During the seven months in between, the 
snapshot measurements revealed fliixes varying at least 
between an upper limit of 0.4 and detections of up to 
12x 10"^° erg cm-^s"! (2-60 keV; Markwardt et al. 1999b, 
C.B. Markwardt priv. comm.). The two WFC-detected 
flares show that the flux sometimes reached flux levels 
one order of magnitude higher. Where does this variabil- 
ity come from and why did it turn off immediately after 
the giant outburst? 

The mass transfer from the companion star should be 
mediated cither through an (irregular) wind from the com- 
panion star or an accretion disk. Which one applies to 
SAX J1819. 3-2525 is unclear, given the observations thus 
far. The high variability is perhaps most easily explained 
by an irregular wind from the companion star. Such wind 
accretion is very common among the high-mass X-ray bi- 
naries (see review by White et al. 1995). We note that 
SAX J1819. 3-2525 shows similarities to CI Cam. CI Cam 
was fast (e-folding decay time 0.6 d, Harmon et al. 1998), 
exhibited a bright Fe-K line (EW up to 597 eV, Orr et al. 

1998) , was a radio jet source (Hjellming & Mioduszewski 
1998), and was detectable in the 20-70 keV band (Harmon 
et al. 1998). The optical counterpart of CI Cam is a sym- 
biotic B star with an irregular wind. The alternative, in 



the accretion disk interpretation, is that disk or thermal 
instabilities are continuously important. The apparent 0.3 
to 0.9 day head start in the giant outburst of the optical 
to the X-ray emission suggests that a disk instability may 
be at work during this particular flare which moves from 
the outside to the inside of the disk, like has been seen in 
dwarf novae (e.g., Meyer & Meyer- Hofmeistcr 1994) and 
in the LMXB black-hole transient GRO J1655-40 (Orosz 
et al. 1997). During the 5 days before the giant outburst 
V4641 Sgr is continuously 2 mag brighter than immedi- 
ately after the giant outburst when there is hardly any 
X-ray emission (Kato et al. 1999). This can be explained 
as optical emission from a disk which disappeared with 
the giant outburst. The alternative in the wind accretion 
interpretation is that the 2 mag come from the compan- 
ion star. This too is not unreasonable, increased levels of 
mass loss are likely to go hand in hand with such brighten- 
ing. Finally, there is the observation that the largest flare 
forced the system to go in quiescence. Again, this can be 
explained either way. In the accretion disk interpretation, 
the giant outburst drained the disk in such a manner that 
no accretion occurs anymore. The implied time scale of 
this drainage is about 10 hr. This can only be explained 
if the drained mass is small though enough to induce a 
strong flare. 

The short distance enables one to set a rather strict 
limit on the flux for quiescent emission. The PCA moni- 
toring program reveals that the flux went below an upper 
limit of 0.4x10"^" erg cm~^s~^ (2-60 keV) or 1 mCrab 
(C.B. Markwardt, priv. comm.). Assuming the same spec- 
trum holds as during our NFI observation (when the flux 
was approximately 25 times higher), the 0.4-120 keV lu- 
minosity upper limit is < 8 x 10^^(rf/0.4 kpc)^ erg s~^. 
Unfortunately, this flux limit is too high to say something 
sensible about the nature of the compact object (see, e.g., 
Rutledge et al. 1999). 

We reiterate the point made by Wijnands & Van der 
Klis (2000) that this transient may be an example of a 
separate class of fast and faint X-ray transients whose ex- 
istence has been proposed by Heise ct al. (1999) and is 
characterized by peak luminosities that are two orders of 
magnitude less than the typical bright soft X-ray tran- 
sient and by outburst durations of order one week instead 
of months. They estimate a rate of 18 such transients per 
year within 20° from the Galactic center. Such transients 
arc easily over-seen by surveying instruments with small 
duty cycles if they are at the usual few-kpc distances. It 
is only because of its brightness due to its nearness that 
SAX J1819. 3-2525 was easily noticed. At the distance to 
the Galactic center, the source would only have had a peak 
flux of 30 mCrab. 

It is not clear whether the compact object is a neutron 
star or a black hole candidate. No X-ray characteristics 
that unambiguously identify the nature, such as type I 
X-ray bursts or pulsations, are present. Optical Doppler 
measurements during quiescence will give the best oppor- 
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tunity to obtain constraints on the mass of the compact 
object. 
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